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Abstract: Galaxy formation is a complex, hierarchical, highly non-linear process, which involves gravitational
collapse of dark matter and baryons, supersonic, highly compressible and turbulent flows of gas, star formation,
stellar feedback, as well as heating, cooling, and chemical processes that affect the gas and, indirectly, the stellar
and dark matter distributions. Nevertheless, despite the apparent complexity of processes accompanying galaxy
formation, galaxies exhibit a number of striking regularities, such as tight correlations between galaxy sizes,
masses, luminosities, and internal velocities and surprisingly tight correlations between properties of stars and gas
in galaxies and the mass and extent of their parent halos dominated by dark matter. Existence of such correlations
indicates that powerful processes operate to bring order out of chaos. Understanding what these processes are and
how they operate is not only fascinating scientifically, but is critical for interpreting the avalanche of current and
future observations of galaxies across cosmic time. I will describe recent progress in our understanding of how

such regularities can arise in a seemingly chaotic and nonlinear process of galaxy formation.



Self Organization Processes

¢ Profile Consistency in Laboratory Plasmas
and in Accretion Structures (Astrophysics)
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Nonclassical Transport and the “Principle of Profile Consistency”

Starting from the experimental observation of temperature and density profiles in mag~
netically confined plasmas and analvzing the consistency conditions for the plasma-column
equilibrium, analytical expressions for the nonclassical eniergy and particle flows are
obtained, and an interpretation of existing experiments is provided. )

The problem of understanding the nature of the particle and energy transport
processes in magnetically confined plasmas has attracted considerable theo-

- retical and experimental effort in recent years. In.fact the theoretical effort has
been mostly devoted to numerical simulation of the existing experimental
observations, while a relatively simple analytical formulation of this problem
would be highly desirable. In this spirit we present 2 set of criterfa that appear to
Jead to a consistent description of both the electron thermal-energy transport
and the particle transport. We label this set of criteria as the “principle of
profile consistency.” In fact, this is based on asgsuming that the observed flows of
clectron thermal energy and particles are those needed to reach a consistent set

- of radial profiles for the current density, the particle temperatures and the
plasma density, while satisfying the equilibrium conditions for the considered
plasma column. In addition, we start from the experimental observation that the
electron temperature takes.on a diffusiontike profile, in impurity free plasmas,
that is :

; r? : : .
Te st Twexp (—(XT A*,f), (])
- .a

a being the plasma column radius and oy a weak function of r/a. Then, to the
extent that the longitudinal resistivity 7)) is classical, the current density profile
is of the form :

’ qsrz ' .
Ji| = Jeexp | -op —— |, 7 : (2)
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- that is, as the combination of a diffusion process with coefficient Dy, and an

" inflow process®® that is produced by the tendency of the density profile to~
settle into the diffusion profile with ¢, = ap when the density is increased. In
particular, following the trend demonstrated by a seriés of experiments carried

- out on the Alcator-A apparatus (see Figure 1), we indieate this tendency by the
analytical expression

n+n)

ng + 20png(1 +2fa)?

Gpht = apng

(14)

Note that when n, < apn) the density profile is wider than and decoupled

. from the electron temperature profile. A clear experimental indication of this is
itifact shown by Figure 2. On the other hand, as the density is decreased while

“-sutficiently high electron temperature is maintained, the particle inflow T, due
‘to the so-called Ware drift associated with the presence of trapped electrons

~ should be con51dered Then the central density proﬁle can be derived frorn the
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FIGURE 1. Radial profiles of electron temperature and density at two different valuesof
the linear average density re, for deuterium plasmas obtained in the Alcator-A device.® The
refevant value of the toroidal t}eld is BT =60 kG, and the plasma current is in the range
130 kA <7< 160 kA. The major radius R = 54 cm, the minor radius ¢ = 10 cim and the
Ie51st1ve loop voltage V2 4 V.
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The massive galaxy cluster Abell 1689, with member galaxies shown in white along with the hot X-ray
emitting gas in blue. Credit: X-ray: NASA/CXC/MIT/E.-H Peng. Optical: NASA/STScl



UCLA astronomer George Ogden Abell



Chandra X-ray Observatory image of the galaxy cluster Abell 2142. The
image shows a colossal cosmic "weather system" produced by the
collision of two giant clusters of galaxies. For the first time, the pressure
fronts in the system can be traced in detail, and they show a bright, but
relatively cool 50 million degree central region (white) embedded in
large elongated cloud of 70 million degree gas (magenta), all of which is
roiling in a faint atmosphere of 100 million degree gas (faint magenta
and dark blue). The bright source in the upper left is an active galaxy in
the cluster.

Abell 2142 is six million light years across and contains hundreds of
galaxies and enough gas to make a thousand more. It is one of the
most massive objects in the universe. Galaxy clusters grow to vast sizes
as smaller clusters are pulled inward under the influence of gravity.
They collide and merge over the course of billions of years, releasing
tremendous amounts of energy that heats the cluster gas. The
smoothness of the elongated cloud in the Chandra image suggests that
these sub-clusters have collided two or three times in a billion years or
more, and have nearly completed their merger.
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The radiation emission from Shining Black Holes 1s most
frequently observed to have non thermal features. Therefore, it
1s appropriate to consider relevant collective processes of
plasmas surrounding black holes and containing high energy
particles with non-thermal distributions 1n momentum space.
The main subjects that are dealt with are: a) the existence and
characteristics of stationary plasma and field configurations; b)
the excitation of magneto-gravitational modes driven by
temperature anisotropies and differential rotation; c¢) the

generation of magnetic fields over macroscopic scale distances.



2. Sustaining Factors

The sustaining factor of new characteristic field configurations that can emerge in plasmas in the immediate sur-
roundings of black holes can be identified by applying the e, - VX operator to the total momentum conservation
equation

1
p(V(DG—Q2ReR)=—V-IP+EJ><B. 2.1)

Here we refer to an axisymmetric plasma configuration, we assume that only a rotation velocity QR is present,
R is the distance from the axis of symmetry, @¢ is the gravitational potential and P is the relevant pressure
tensor. Then we consider

P = pl + AP, 2.2)

where the non isotropic component AP is significant, and we identify the sustaining factor for the relevant
magnetic field configuration as

D=ey- VX[V (AP) +p (VDG — Q*Re)|

in which Ay = V - (AP) adds its influence to that of the gravitational field and rotation. In particular

0 0
D~—ANyr— —A

a7 VR GRTN:

9p , 00g d _, 0DGdp
3 ) |RY 2R | R 5 ok 2.
(5Z)[ GR] Pz 0z OR (2.3)
where RZQ? ~ 0®D;/0R and we consider
0Dg 8_p

Day = ey - VX[V - (AP)]| ~ . (2.4)
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The simplest way to avoid having to deal with phase space and to maintain a fluid description is to refer to
plasmas with particle populations that can be described by bi-Maxwellian distributions in momentum space
with two temperatures 7} and 7', . In particular we take 7 to be the prevalent temperature in a given direction
and we assume that the plasma is composed of two populations: a thermal population with an isotropic plasma
pressure p = 2nT, n being the electron density, and a super thermal population with py > pand 7)) > T.



2. Rigidly Rotating Rings Associated with Non-Thermal Distributions in Momentum Space

We consider a radial interval around R — Ry within which the rotation frequency Q (R) =~ Qy in the sense that
|(R/Q2) dQY/dR| < 1. Referring to plasmas with two particle populations as indicated earlier.

P = pl+(p)—p)ejey. 2.1
An important special case to analyze is that for which the pressure anisotropy is connected with the direc-
tion of the magnetic field. Thus

BB
AP = (p) - P) (2.2)

Another case is that for which the anisotropy is connected with the direction of the rotation velocity, that is
AP = (p) — p) egey. In this case if we consider an axisymmetric configuration we have

1
V-(AP) == (p—p) R (2.3)
In the former case, referring to axisymmetric configurations and defining
. 4r
p=2P1=p) 2.4)
we ﬁnd that
1 -
V-(AP)= —B-V(pB). (2.5)
4r
Therefore
1
-V.-P+-JxB=
¢
B\ 1 -
-Vip+ o + —B [(1-p)B] (2.6)
V4

where B is represented by

1
B= [V x e+ 10w, 2) ey 2.7)

and ¥ (R, z) is the familiar magnetic surface function as B - Viy = 0
In this case the Master Equation that we use, together with the vertical component of Eq. (1.1), to identify
stationary plasma and field configurations is

es - {Vp x VDG — V X (0QReg))

= ey (VX [B-V((1 - B 23)

Then, for radially localized configurations, we consider a special class of solutions for which ¢ can be repre-
sented by



4. Examples of Anisotropy Driven Configurations

We consider radially localized configurations around R = Ry. In this case the Lh.s. of the Master Equation (2.8)
becomes simply

do
-Q% za—R+3(R Ro) 4.1
where Q= Q4 (R = Rp), while the r.hss. is
1 (4 - a -
=5 B V(=P8R - 5 B (1= 5)By) . 42)

Then we look for configurations such that
;=2
¥ = dnv. (R)exp| - | 4.3)

where R, = (R—Ro)Agp. 2 = zA, A} < A} « R} and §,(R,) ~ 1, and, correspondingly p =

prp. (R)exp(=2* ) where p, (R.) ~ 1.
In this case the Master Equation reduces to

& _° R-Ropl:

R A}

2

Q%

1 4 d =



Equation (3.4) can be viewed as an inhomogeneous equation whose solution is of the form

p:Ap+ph (45)
where
d"  (6AR) .

-|—E|ret =0 4,
aR. |\ A2 ] * 4.6)
that is

= ph R |r? 4.7

R wn
whike

| ].Ap ek | PR | D Bl + Bege (- 1) B | @.8)
a2 )T ooz ok, | tak P (g (P~ ). ‘

The vertical momentum conservation equation to be combined with the Master Equation in order to find
compatible solutions for p, ¢ and p, is

zQ%p*-—(p«l-&R) - (n V(1 )B|) (4.9)

This can be rewritten as
1 a9/ ' 1 a .-
p"'n_gzﬁ(,“ﬁ)‘@{ﬂ"a_k“p 1)B;| +B aR|(P—l)B:|}- (4.10)

Then we can find a solution with

Ap=— {(p 1)(8,, B+B:%Bz)+81(836%5+8:%ﬁ)} 4.11)

4;:05‘

and

| B )
a—z(p», s_;r)= —QEh 4.12)
that is

B-
p= EQ;,A - (4.13)



Clearly, the expression (3.11) for Ap is the same as the approximate solution of Eq. (3.8).
At this point we may assume, for the sake of simplicity, that 5 = poexp |- (3AzR3/A7)|. Thus

(o—1) [(ae\® &%

PO s R D | a4 Il 4 4.14
B mm;—,gxg{(a&) “’am} @19
and if we take
. = (sinR.)exp ('-%RE") 4.15)
we obtain

(Po—-1UBy . o -
= 2 ¥ ap(-cR2 - )[1 +osin’R, (4.16)
4;4')513; ( )l
where
A%
ds<o<l. (4.17)

2
<

It is evident that Eq. (3.16) represents a ring configuration that emerges when py > p + B?/(4x).

We notice that no seed magnetic field needs to be introduced in order to find plasma and field configurations
of the type we have considered. Thus we may argue that the emergence of these configurations is the result of
collective modes which greatly amplify magnetic fields until the magnetic pressure becomes of the order of the
gravitationally confined plasma pressure.



Solitary Ring Solution (cont.)

2
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Figure: Graphical representation of the magnetic surfaces for the configuration

corresponding to Eq. (38). The curve with dotted heavy lines indicates the single ring
density profiles represented by Eq. (39) for Az /A2 = 1/10.
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4. Plasma Collective Modes

An issue to be dealt with is whether the presence of high energy particle populations with non-Maxwellian
distributions can have a significant influence on the modes that can be excited in plasma disks surrounding
black holes. The interest in these modes, identified as Magneto-Gravitational Modes as they depend on both
gravity and the related differential rotation, is that they lead to a strong amplification of the seed magnetic field
in which the original unperturbed disks are imbedded, and produce ring structures of the kind that can be found
as non linear solutions of the equations for stationary plasma and field configurations surrounding a black hole.
Another important feature of these modes is that they can transport angular momentum in the outward direction
and, as is well known, this is a necessary process for the occurance of accretion onto the central black hole.

The tri-dimensional geometry of the rings that are shown to emerge from an axisymmetric disk and that
involve rotating and trailing density spirals lend themselves to be a well founded candidate for the so-called
Quasi Periodic Oscillations of the X-ray emission from galactic black holes.



6. Currentless Disk and Relevant Perturbations

The plasma configuration that is considered for the excitation of the most elementary modes is the classical
axisymmetric disk inbedded in a seed vertical magnetic field and in which no current is present. The only flow
velocity present is the Keplerian rotation around the axis of symmetry. The vertical equilibrinm condition, is
for B = Be, with B=const over the height of the disk,

2 aP|
pPT= ——. 6.1
FR (6.1)
The rotation frequency is about constant over the height of the disk and given by
oM. b
Q= o (6.2)
where M, is the mass of the black hole in the center of the disk as we refer to radial distances R = H,where
- Pl, . (6.3)
o
We consider perturbations of the toroidal velocity R of the form
¥4="94(R— Ry, 2)exp | yof — imy (Qot — #)| (6.4)
where
Vo (R —Ro.2) = V4 (z) F(R— Ro)exp [ikr (R - Ro)]. (6.5)

F (R— Rp) is a localized function around (R = Ro) over a distance of the order of Ag, with 1/k} « A} « R}
and Q2 = Q4 (R- Rp). Thus

d
278 =70+ img [Q (R) — Qo] = yo + img (d/dR) (R — Ro) (6.6)
and

4 =94 (2) F (R — Ro)exp |yor +i (R — Ro) |kr + mg (d/dR) t| — imy |Qu (R)1 — ]} . (6.7)

At first we shall analyze axisymmetric perturbations for which mg = 0 and dF /dR = 0



7. Linearized Perturbed Equations

We consider modes that are localized vertically around z=0. Thus we may refer to a generic unperturbed density
profile

= 1- i . A

£ =po [ e} (7.1)

The perturbed mass conservation equation is

ﬁ-%poffumv'?:O (7.2)
0

where ¥; = yo&. is the vertical velocity and

V &= ikplp + ?—z‘ (7.3)

In particular we choose to consider

Iv-&< %&;l (7.4)
0

such as V - £ = 0 for “incompressible” modes. Moreover, refering to the analysis carried out in the absence of
pressure anisotropy [Coppi. 2012] and to modes for which z(}5 ~ 85 /@z we note that

P z:'Q.;B P (1.5)
P P P



Therefore forz* ~ A? < H, |p/pl < [p/pl. and taking

d :
yoﬁ+d—53; +TppV E=0

we find
- l dp l -
Ve e— L
s T, dz pf‘
where p = 2nT. n = p/m; and 1/A? ~ |9°E, /8%|/ &. In this case if we define
_1dT 1n
m T dz' ndx
we find
el 2z, (Tp-1 1 ) 2 «
— = —-—=¢ -=nr|= D,
£o Hg’z I I, ?6-{‘ "

Next we refer to the toroidal momentum conservation equation that is

£0 %+(¢Jv+v AN

1 -
:ErlB-V(l—p)Rl‘.

Then

: L dOy S . 3
£0 (.WQ' +yiRR—e" + 29&7'0&') = =B (1-p) g&

(7.6)

(7.7

(7.8)

(7.9)

(7.10)

(7.11)



as we shall justify, we obtain

= 2 a?' -~ 2 -~
(1= P)Vig3e = Yok + 2y0CusR

where vi = B/ (47py).
Therefore, if we define

c;’:’s PI—P
P
we have
Ex
f‘*:lﬂo)ﬁk YA
RY: +x-('\';-0i‘)

Finally, the so called Frozen-in-Law is represented by the equation
yoB = Vx (¥ x Be, + RQe, x B).
This gives
Br

yob,_saﬁe,w, (RQY) — mT_Baz(v,m &]

for Bg = Baér/ 3z thus justifying Eqs. (6.12) and (6.13).

(7.12)

(7.13)

(7.14)

(7.20)

(7.21)

(7.22)

(7.23)



7. Derivation of the Dispersion Equation
We consider the poloidal component of the total momentum conservation equation

av 1 B-B
== Vip+——|+V-
= 4H(B VB +B - VB)+ (p+ e )+ (AP)

A A

+0Vpe +p(V-Vv+v-VV) +p(v-Vv) =

where

V-E=B-V[(p-p)B]+B-V|(p - p)B+(p - p)B|.
Then we apply the e4 - VX operator on Eq. (7.1) and obtain

0 25 B _ &,

i C200s) - (1- )L

e {p (voér = 2Qu%9) = 2= (1= F) azsz}
2 2

O 4, ,. B2d &
—a—R{pyofﬁszp pripwls +(p1—p) a—zzéz}=0

No if we consider |1/kg|?|0/z* < 1 we obtain, for |€g| > (y0/%) €4,

262Z
(pi—p) - B]ai}~

82
( 3 zfz) + kg {yopfz + 200 +

7.1

(7.2)

(7.3)

(7.5)

Moreover, if we refer to incompressible modes, such that |V - & < A|&,|/ Hé corresponding to p =~ —2z&.p0/H?,

we obtain the dispersion equation

1 da> . 7
|| kz Qz } dz z‘f Qz fz + Vofz =0.

We define

QZ
2 2 D 2
Ci+ > —Va

<
1l

2
R

(7.6)

.7



e

and consider the limit where
4 4
2 A p ﬁ

P2~ Q2%

k2 T g4
H pH

and A? < HZ. Then the solution of Eq. (7.6) is &, = &9 exp [—z2 / (ZAE)] where

=2 2QZ =2
V—4 = _2k and V—2 = y%.
A7 Hj Az
Consequently
1 7\'?
A, = —Ho—) < Hy
(e

for v < QHy, and

= 1/2
v Qk
SNEE L

(7.8)

(7.9)

(7.10)

(7.11)

It is evident that the pressure anisotropy has a strong effect on the modes that can be excited. This conclusion
remains valid if we consider the special case where p/pg is given by Eq. (6.9) and Dy is positive (i.e. relatively

weak temperature gradients).



9. Quadratic Form

In order to identify the factors that can contribute to the instability ( > 0) of the considered mode we derive
a quadratic form from Eq. (8.1) by taking the integral

f+°° K o ;202 9 K2(2 ) 2Dy
k&, y01+ 1+4 E + KVyC” = — + — (Vi = ¢ ) + Qi — zé"zk =@9.1)
—00 kR *)/g + K2 (Vi — cﬁ) kR kR H d
Considering bound solutions we have
K> 40?2 _
A e o el )
R Y5+ K (VA—C”)
Q2 K> K2 -2
~ +A 1+ = | -vi[1+ = [V &2 >
<{ g ( k,%) A( k,%]} i
Dy
+Q;— 7 <‘ Ex > 9.2)

2

where () = f dk. Then we can see that when c|| > vi a new instability driving factor in addition to Qf) is

introduced.



10. Quasi-Linear Momentum Flux

T, = (i (Vo + 93) (no + 1)) + c.c. (10.1)
=%0 <<§R {VR + no\A/; + V()fl*}>> + C.C. (10.2)
Thus

)
Rol'y = 70n<<—2 (Rg%) x| + g—z (2= 2) dd—é? -7 54)12]» (10.3)

2
A

. . . J
quasi-linear expression for I'y.

and we see that cﬁ > v a novel contribution to the flux of angular momentum has to be added to the expected



17.5 From linear modes to spiral structures in galaxies 247

Fig. 17.2. A two-armed mode followed in a set of different models by variation of the parameters of the
relevant basic state (see choice described in Section 14.4), from a wide survey of galaxy models (from
Bertin, G., Lin, C.C., Lowe, S.A., Thurstans, R.P. 1989, Astrophys. J., 338, 78). These are perturbed
dencitv contoure (for onlv the positive nart). The dotted circle is the corotation circle;



11. Tridimensional Solitary Ring Configurations

Tridimensional solitary ring configurations have been found to emerge, on the basis of a linearized perturbation
theory, from currentless plasma disks according to the theory presented in Coppi (2009). Here we find that
the presence of a temperature anisotropy can have a significant influence on the tridimensional (spiral modes)
that are found following the same kind of analysis as that for axisymmetric modes described in the previous
sections. Now we take mgy # 0 and, referring to Eq. (5.4) we consider relatively low values of myg, such that

o >m¢|d—Q||R—R0|. (11.1)
dR
Thus, defining yr = yo + img (dQ2/dR) (R — Ry) = yo + iAw,
Yr = + 2y0Aw (11.2)
Moreover
&> 5 1 dF
— =~ k3 + iRkg——. 11.
IR kg +1i kRFdR (11.3)
Then with these approximations we find
2
~ ~ Z .
& ~&gexp (—@) F (R = Ro) {sin [kg (R = Ro) — my (Qot + ¢)| exp (yo1)} (11.4)
Z
where
(R = Ro)’

F ~exp|-———]. 11.5

p [ 2A2 (11.5)
and

1 my dQ

— = ——kzG 11.6
A2 Yo dR RO (11.6)

where, referring to the quadratic form Eq. (9.2),

Ve (BxP) = @} (Dn/H3) (1€ /i) + (v — ) (k1)
Go = - . (11.7)
() + 0183) 5 - ) | )

2 2
yo+K2(vA -




Clearly, we require that
m'—kRGo <0 (11.8)

a condition that, for Gy > 0, corresponds to trailing spirals. In particular, we see that the dependence of £, on z
and R — Ry is very similar to that of ¢ for the configurations treated as an example in Section 3.

When considering the stationary configurations that can be identified by a nonlinear analysis, we may refer
again to the rings obtained in the rigid rotor limit. Then we can extend the relevant analysis by taking, for
instance,

Ly ¢ joys|+AB 1.9
=3 wxe,+Al¢o¢+ p (1.9)
where
w=¢wexp(—%—Rf)
sin |R, — my (Qof — ¢)|, (11.10)

m, is a relatively low number, and

) ) m
v. (ABP) + GWN'A.—EZ

Cos

R.-m,(mt-¢)|wyexp(.-%-R‘fl)=0. (11.11)

Therefore |AB,|/ ([V¥{/R) = 1 and. to lowest order in this ratio, the analysis given earlier should remain valid.
We note, however, that JxB)s = Jp xABp)g # 0inthis case, where J is the poloidal current. Thus asexpected,
a configuration represented by Eq. (11.9) involves a torque that will have to be compensated for in order to have
a steady-state configuration to order |AB,|/|B,|.



1. Introduction

This paper is organized as follows. In Section 2, the presence of particle populations with non-thermal distri-
butions in momentum space, in plasmas surrounding black holes, is represented dealing with plasmas having
Maxwellian distributions with anisotropic temperatures in order to retain the possibility to use fluid equations.
The importance of the temperature anisotropy as a sustaining factor for new axisymmetric field configurations
is pointed out. In Section 3, one of the two basic non-linear equations (the Master Equation) that relate the
particle density spatial distribution to the plasma pressure and to the relevant magnetic surface function, for
axisymmetric stationary configurations, is derived. Moreover, the forms that the pressure anisotropy may take
are discussed referring to the toroidal (azimuthal) direction or to that of the magnetic field. In this context the
longitudinal pressure is taken to be larger than the transverse pressure, the latter being associated with a well
thermalized particle population.

In Section 4 a new Solitary Plasma Ring configuration is identified as a significant example of those that
can be found when the longitudinal pressure associated for instance with a high energy particle population,
referring to the direction of the magnetic field, is prevalent and the rotation frequency is about constant over the
(radial) width of the ring. The fact that the theory of these configuration does not depend on pre-existing seed
magnetic field associated with currents external to these configurations is emphasized together with the fact that
the magnetic field pressure is of the order of the plasma pressure. Thus the emergence of these configurations
can be associated with that of magnetic fields by the combined effects of gravity and pressure anisotropy.
We note that the magnetic field geometry associated with the Solitary Ring Configuration mentioned earlier
involves two oppositely directed current channels.

In Section 5 the importance of Magneto Gravitational Modes is discussed. These modes can be excited
from a currentless standard disk with the main driving factors being the pressure anisotropy (p; > pL) and
the differential rotation within the disk. The presence of a seed magnetic field is required. These modes can
be envisioned to reduce the rate of differential rotation and to produce a large amplification of the magnetic
field by the currents associated with them. Thus they can be regarded as candidates for the formation of the
kind of stationary configurations analyzed in Section 4. In Section 6 the analytical form of the tridimensional
modes that can be excited is given. In Section 7 the linearized equations that are used in the theory of the
relevant magneto gravitational modes are introduced. In Section 8 the simplest significant dispersion equation
is derived showing the combination of driving factors (gravity, pressure anisotropy, differential rotation and
density gradient) that the relevant modes involve. In Section 9 a more complete form of the mode dispersion
equation is given and in Section 10 the associated quadratic form (in the mode amplitude) is given. This can
be used to assess the mode growth rate under more general conditions than those considered in Section 8. In



Section 11 a relatively simple expression is derived for the quasi linear angular momentum transport equation
connected to the theory of the considered modes.

In Section 12 the important case where magneto-gravitational modes acquire a (tri-dimensional) spiral
structure with low toroidal mode numbers is treated. The characteristic density profiles are shown to be trailing
spirals and the relevant modes are found to have a radially localized structure. These results anticipate, within
the linear theory, the finding of a ring structure as a solution of the non-linear equations describing stationary
configuration that are rigidly rotating (Section 4). In Section 13 concluding remarks on the obtained results are
given. In particular, considering different factors, such as the need of giving an appropriate representation of
high energy particle populations and that some of the found structures can involve relatively small characteristic
distances, the importance of dealing with phase space and abandoning the limits that a fluid description of the
relevant plasmas entails.
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FIGURE 10-32 (a) A person
standing on a circular platform, both
initially at rest, begins walking along
the edge at speed v. The platform,
assumed to be mounted on friction-
free bearings, begins rotating in the
opposite direction, so that the total
angular momentum remains zero, as
shown in (b).
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Locally Rigid Rotor Configurations

The Locally Rigid Rotor configurations we consider are localized over a radial scale

distances |AR| < R,. In particular, for these configurations
V,= QR where Q,=Q (R=R,).
Then
QR=a,B,+Q(y)R

where V-(pV)=0 implies that oz, p=G(y) and

B,=[0,-2(y)]2 2~

G(y)

We note that in this class of configurations a seed magnetic field is not required.

Clearly, the simplest case to analyze is that with B, = 0 and Q(l//) =Q),. Then

1
B:EVWXQ).





